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Carpal tunnel syndrome (CTS) is one of the most common entrapment neuropathies, and it can significantly affect a patient's quality-of-life. CTS patients with mild or moderate symptoms are usually treated nonsurgically by such methods as splinting, specific exercises, paraffin therapy, therapeutic ultrasound, and oral medications. Among these conservative treatments, tendon and nerve gliding exercises are two popular methods that are often administered together. 1Y3 However, the efficacy of tendon and nerve gliding exercises for the treatment of CTS is controversial. One study revealed that 71.2% of patients who did not perform tendon and nerve gliding exercises later underwent surgery, whereas surgery was required for only 43.0% of patients who did perform these exercises. 2 Another study indicated that a group treated with the combination of a splint, ultrasound therapy, and tendon and nerve gliding exercises exhibited more prominent symptomatic improvement than did groups treated with a splint and ultrasound or with a splint and exercise. 3 However, another randomized unblinded trial involving 28 patients did not detect these differences. 2 Given these inconsistencies in previous findings, the aim of this study was to determine the effect of these two exercises in combination with conventional therapies (a splint and paraffin therapy). We evaluated the effectiveness of tendon gliding and nerve gliding exercises in combination with conventional treatments relative to the effectiveness of conventional treatments alone for CTS patients.
PATIENTS AND METHODS
This prospective, randomized, single-blind study was conducted with the approval of the local institutional review board. A total of 60 consecutive patients with CTS were recruited from the Department of Physical Medicine and Rehabilitation in our community hospital from 2007 to 2009. The following inclusion criteria were used: subjective symptoms (such as pain and/or numbness within the median nerve distribution of the digits and nocturnal pain), either a positive Phalen sign or a positive Tinel sign, and electrophysiologic evidence of CTS. The exclusion criteria included the following: (1) age younger than 18 yrs; (2) the presence of an underlying medical disorder, such as diabetes mellitus, renal failure, autoimmune disease, or hypothyroidism; and (3) pregnancy or previous wrist trauma or surgery. All of the subjects were invited to participate in the study on a vol-untary basis, and previous written informed consent was obtained from each patient. A flowchart describing the progress of these participants during the 2-mo intervention is presented in Figure 1 .
Each patient underwent a physical examination and nerve conduction study (NCS) of the upper limbs. The physical examinations included grasp and pinch power tests, a Semmes-Weinstein Monofilament sensory test, an examination of Tinel sign, and a Phalen test. The participants were also asked to answer a set of questionnaires, including the Boston CTS questionnaire, the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, and the Taiwanese version of the World Health Organization Quality of Life Questionnaire Brief (WHOQOL-BREF), and several questions on basic demographic information. The participants also rated the intensity of their pain on a visual analog scale.
Group 1 received paraffin therapy and a splint and were instructed to perform a tendon gliding exercise. Group 2 received paraffin therapy and a splint and were instructed to perform a nerve gliding exercise. Group 3 received only paraffin therapy and a splint. A custom-made neutral volar wrist splint was given to each patient, and he/she was instructed to wear the splint throughout the night for at least 8 wks. All of the patients attended paraffin therapy sessions in the hospital twice per week. Paraffin therapy was administered by the nine-dip method at 55-C, and the hardened paraffin was covered with plastic wrap and a towel. 4 It provided superficial heat to the hands, which could relieve pain and improve the local circulation. 5 All consecutive patients were invited, and the participants were assigned to three groups in the order of group 1, 2, and 3 by a nurse who was not involved in the study design and blind to the preassigned treatment. The allocations were concealed with the use of packages of prescription orders, which were given by the nurse to the physical therapists, who did not know the sequences of randomization. The exercise programs were administered by physical therapists, who did not participate in evaluating the outcome of the study. A brochure describing the tendon gliding exercise was given to each of the patients in group 1, and a brochure describing the nerve gliding exercise was given to each of the patients in group 2. The patients were instructed to perform the tendon gliding or nerve gliding exercise three times daily, maintaining each position for 7 secs and then repeating the entire exercise program five times per session. 1 After receiving the treatment, the patients were reevaluated 2 mos later using the same clinical examinations, questionnaires, and NCS. The outcomes of the physical examinations and NCS were evaluated by physiatrists who were not aware of the group assignments.
Tendon and Nerve Gliding Exercises
Following a conventional protocol, the tendon gliding exercise used in this study involved sliding the flexor tendons of the hand by moving the fingers through the following five discrete positions: straight, hook, fist, table top, and straight fist positions. 6 Following the study of Totten and Hunter, 7 the nerve gliding exercise targeted the median nerve by moving the fingers and wrist through six different positions: grasp, finger extension, wrist extension, thumb extension, forearm supination, and gentle stretch of the thumb by the opposite hand.
Boston CTS Questionnaire
The Boston CTS questionnaire has been widely used as a disease-specific outcome instrument for CTS. It includes a symptom severity scale that is composed of 11 questions and a functional status scale that incorporates eight functional activities. 8 The answers are rated on an ordinal scale from 1 point (mildest pain or no difficulty with the activity) to 5 points (most severe pain or cannot perform the activity at all). Each scale generates a final score (the sum of the individual scores divided by the number of items) that ranges between 1 and 5, with a higher score indicating a greater disability. Previous validation has indicated that this instrument is an accurate and reliable measure for evaluating outcomes in CTS patients. 9 
DASH Questionnaire
The DASH questionnaire is a 30-question scale that evaluates the upper limbs and is scored as a percentage (where 0% indicates the absence of any problems). Most of the questions concern functional activities that require the use of the upper limbs, whereas the remaining questions include two items specifically related to pain, three www.ajpmr.com questions related to other symptoms, one addressing social life, one directly related to work, one related to sleep, and one aimed at determining the patients' perception of their own capabilities. 10 
Taiwanese Version of the WHOQOL-BREF
The WHOQOL-BREF is a 26-item questionnaire that includes 2 items on general quality-of-life and health status and 24 items that are grouped into four domains: physical, psychologic, social, and environmental. 11 The Taiwanese version of the WHOQOL-BREF contains these 26 original items and two additional items: one regarding the social domain and one addressing the environmental domain. The scores of the two general items range from 1 to 5, with a higher score indicating a better condition. The domain scores range from 4 to 20 and are derived by multiplying the average scores of all items in a given domain by four, with a higher score indicating a better quality-of-life within the corresponding domain. 12 
Nerve Conduction Study
All of the participants underwent median and ulnar nerve sensorimotor NCSs using an electromyography device in a quiet, air-conditioned room (26-C) and in a comfortably reclining position. The hand skin temperature was measured and held above 32-C. Standard techniques for supramaximal percutaneous stimulation with a constant current stimulator and surface recordings were used, as described previously. 13 The criteria used to confirm the clinical diagnosis of CTS were the following: (1) a distal motor latency greater than 4.4 msecs or (2) a distal sensory latency greater than 3.4 msecs. 14 
Physical Examinations
The Phalen test was performed with full flexion of the patients' wrists for 60 secs. The test result was positive if the patient reproduced his/her symptoms in the median nerve distribution. Tinel sign was assayed by tapping the median nerve along its course in the wrist. The test result was recorded as positive if the patient experienced paresthesia or shooting pain in at least one of three radial digits. 15 Hand grip strength was measured with a handheld dynamometer, and palmer pinch strength was measured with a standard dynamometer between the tips of the thumb and the index finger. Each participant performed three recorded trials, from which a mean score was obtained. 3 The Semmes-Weinstein monofilament test was performed by applying force-calibrated Semmes-Weinstein monofilaments to each digit in the hand with the wrist in a neutral position. The monofilament was applied perpendicularly to the volar digital surface and the pressure was increased until the monofilament began to bend. A positive response was recorded when the subject was able to verbally localize (with his/her eyes closed) which digit was receiving pressure. 16 
Statistical Analysis
The following data analyses were performed: (1) descriptive statistics to summarize the participants' basic demographic and ergonomic data; (2) comparison of the baseline data among the three groups using the Kruskal-Wallis test and Fisher's exact test; (3) comparison of the baseline and followup scores of the symptom severity scale, functional status scale, pain intensity, DASH questionnaire, and the four domains of the WHOQOL-BREF using paired t tests for each patient; (4) comparison of the baseline and follow-up physical examination and NCS data for each hand involved using a mixed-effect model, while taking into account that the tests and/ or examinations were performed on both hands for some patients; that is, the treatment was treated as a fixed effect factor and the hand (left or right) was treated as a random effect factor 17 ; and (5) comparison of outcomes for the three groups using analysis of covariance, with an adjustment of the baseline data for each item before treatment for patient reported outcomes, physical examinations, and NCS. All of the statistical analyses were carried out using the statistical software package SAS 9.1.
RESULTS

Patient Characteristics
As summarized in the flow diagram in Figure 1 , 60 patients were consecutively recruited and randomly assigned to one of three groups. Fifty-three patients (94 hands) completed the therapeutic program and were reevaluated 2 mos later (18 patients in group 1, 19 patients in group 2, and 16 patients in group 3). Table 1 summarizes the demographic characteristics and basic information about the participants. As indicated in Table 1 , the mean T SD age of the participants was 50.5 T 9.4 yrs. More than half of the patients were women and had bilateral CTS. The most frequently reported ergonomic risk factors were repetitive hand monotasks (48%) and frequent work in awkward postures (23%). Statistical analysis indicated that there were no significant differences in the patient demographics among the three groups. The mean numbers of physiotherapy visits were 14.7, 15.1, and 15.3 for the patients in groups 1, 2 and 3, respectively. Analysis of variance revealed no significant differences among these three groups.
Patient-Reported Outcomes
A comparison of the initial and follow-up data revealed significant improvements in the symptom severity and pain scale scores in all three groups. The effect sizes (ESs) of the symptom severity and pain scale scores were 0.78 and 0.96 for group 1, 0.6 and 0.53 for group 2, and 1.0 and 0.66 for group 3, respectively. However, significant improvements in functional status scores (ES, 0.57), DASH questionnaire scores (ES, 0.51), and scores in the physical domain of the WHOQOL-BREF (ES, 0.35) were observed only in group 1 ( Table 2 ). According to Cohen, an ES of 0.2 is considered small, 0.5 is considered moderate, and 0.8 is considered large. 18 Thus, the observed improvements in symptoms and functioning were more prominent in group 1, which might lead to a better quality-of-life, especially in the physical domain. We also observed that the functional status and DASH questionnaire scores were not normally distributed; nonparametric tests were performed and showed the same results.
After adjusting for baseline data, the analysis of covariance revealed significant differences in the functional status scores among the three study groups. Post hoc analyses with the Bonferroni correction revealed significant differences between the functional status scores of the patients in group 1 relative to those in group 2 ( Table 2) .
Physical Findings and NCS
Among the physical examinations, there were no significant improvements in the scores of the Semmes-Weinstein monofilament test, grasp power test, or pinch power test among any of the three groups. None of the participants had atrophy of abductor pollicis brevis muscle or absent sensory nerve action potentials and compound motor action potentials. The NCS revealed a significant improvement in the distal motor latency of the median nerve in the 53 follow-up patients (mean T SD difference, j0.2 T 0.7 msecs; P G 0.05). However, after adjusting for baseline data, the analysis of covariance revealed no significant differences among the three study groups in the outcomes of physical examinations and the NCS.
DISCUSSION
In this study, the patients in the control group (who received only the combination of paraffin treatments and a splint) exhibited improvements in symptom severity and pain scale scores that were Tendon and Nerve Gliding Exercises in CTS consistent with the reported effectiveness of these conventional treatments. These findings can be regarded as a validation of the baseline measurements of this trial. 4, 19 Although there were no significant differences in the physical examination and NCS outcomes for the three groups, we observed significant improvements in the scores for functional status, DASH questionnaire, and the physical domain of WHOQOL-BREF in group 1. It was also observed that a DASH questionnaire score decrement of 3.3 would increase one scale of satisfaction for health-related quality-of-life in patients with hand injury. 20 In our study, the mean change in the DASH questionnaire score in group 1 was j7.6, which can be considered a clinically meaningful improvement in health-related quality-of-life. There was also a significant difference between groups 1 and 2 in the mean change in the functional status score, which indicates that patients who performed tendon gliding exercises experienced greater improvements in their functional status and in the physical aspects of quality-of-life than did those who performed the nerve gliding exercise. Reduced gliding of the median nerve in the carpal tunnel had been observed in CTS patients. 21 The longitudinal excursion of the median nerve might be improved by performing tendon gliding exercises because they could provide maximum differential gliding for both flexor tendons, which is important to prevent the formation of adhesions. 6 On the other hand, nerve gliding exercises might also improve the excursion of the median nerve, and it had been reported that a greater improvement in grip strength was observed in patients who received splints and nerve gliding exercises than in those who received only splints for 10 wks. 22 However, our results did not indicate additional benefits from the nerve gliding exercise, thereby corroborating the results of Heebner and Roddey. 23 In fact, our results revealed mild deteriorations in the functional status and DASH questionnaire scores for the patients in group 2, although these differences were not statistically significant. It was reported that the tension of the median nerve increased during extension of the wrist, which pulled the nerve distally. 24 This increased nerve strain associated with elongation of the nerve bed might trigger ectopic discharges from mechanosensitive abnormal impulse-generating sites. 25 Thus, during the nerve gliding exercise, one should be cautious not to overstretch the median nerve when stretching the thumb as the fingers and wrist are extended. Coppieters and Alshami 26 suggested that one could alternate wrist extension/finger flexion and wrist flexion/finger extension to minimize median nerve strain during this exercise. This study had several limitations. First, most of the patients had mild or moderate symptoms, and we should remain cautious when attempting to generalize our findings to patients with more severe symptoms. Second, the patients were instructed to do the exercises only as described in the information pack they received; they were not required to keep diaries of their exercises. Thus, the compliance to the exercise regimen might be a potential confounder because we did not know how often and how regularly the patients performed the exercises. However, because all patients were instructed in a similar manner and randomly assigned to a group, we believed that this confounding factor exerted minimal effects. Third, because seven patients left the study, we were unable to complete an intentionto-treat analysis. However, because all our patients had persistent symptoms and group 3 had two more patients who discontinued treatment because of time commitments, we suspected that these losses might have caused an overestimation of the treatment effect of group 3. Fourth, because this study compared these three groups over many different clinical tests, functions, and symptoms, we were concerned about artifacts caused by multiple comparisons. To reduce this potential bias, we performed a Bonferroni correction during the analysis to account for the multiple comparisons of the three treatment groups. Of the 13 outcomes evaluated, one outcome (functional status score) exhibited a significant difference among the three studied groups; however, one should still be cautious about making strong inferences based on these results.
CONCLUSION
To improve the functional status and qualityof-life of CTS patients, the combination of tendon gliding exercises, paraffin therapy, and splinting might be more effective than the combination of nerve gliding exercises, paraffin therapy, and splinting. Because only 1 of 13 outcomes was statistically different, additional randomized controlled trials are needed to obtain a sufficiently large sample size to validate these results.
